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© Hydrophilic laminated porous membranes and methods of preparing same. 



© Laminated porous membranes useful in chromatographic assay devices include nitrocellulose or poly- 
vinylidene difluoride (PVDF) membranes laminated to supports. Despite lamination, the membranes remain 
wettable and the activity of biologically reactive reagents is not impaired due to the use of water based 
adhesives in making the laminates. Water based adhesives include AS73 from Adhesive Research, Inc. 
polyvinylacetate (PVA) and polyvinylpyrrolidone (PVP) among others. 




Xerox Copy Centre 



EP 0 420 021 A2 




HYDROPHILIC LAMINATED POROUS MEMBRANES AND METHODS OF PREPARING SAME 

This invention relates to porous membranes useful in immunochromatographic assay devices and, in 
particular, to laminated nitrocellulose membranes in which hydrophobicity is avoided. 

The application is related to two co-owned and concurrently filed applications bearing the same &le. 
The co-pending applications are Serial No. , (Attorney Docket No. 4719) and Serial No. . (Attorney 
5 Docket No. 4720). 



Background 



w Porous membranes, particularly nitrocellulose membranes, have been used in biochemical procedures 
such as purification, analytical methodology, and in immunodiagnostics. The well known Western blot is but 
one example. Nitrocellulose membranes have also been used in immunochromatographic assays such as 
that disclosed in EP-A-299,428 (Abbott Laboratories). 

One problem associated with nitrocellulose membranes is their weak mechanical strength. Another 

is problem associated with chromatographic membranes is evaporation of fluids during the course of 
chromatography. In order to improve mechanical strength and minimize evaporation, nitrocellulose mem- 
branes may be laminated to a support material such as MylarTM. However, the adhesives used in such 
laminations often affect the hydrophilic properties of the nitrocellulose and render them unstable over time. 
It has been found that several adhesives used in the lamination of nitrocellulose membranes cause 

20 decreased hydrophilicity, as measured by decreasing capillary flow rates through the pores of the 
membranes. 

While it is not known for certain why the lamination of porous membranes to a support causes a loss of 
the hydrophilicity of the membrane, it is speculated that hydrophilicity is lost due to the diffusion or 
migration of components from the adhesive into the porous membrane. Whatever the mechanism, the loss 
25 of hydrophilicity with time is real and is further described in Figure 4 and example 1. This is a critical 
problem for manufacturing a diagnostic assay since stability must be maintained over a reasonable shelf 
storage time. 

It is known that certain surfactants can be added to the membrane to improve wettability but. at 
concentrations which render the membranes wettable, the surfactants also disrupt the biologically active 

30 reagents present on the membranes. For example, the ability of the membranes to bind protein (eg. 
antibody) is important for diagnostic applications. It is therefore an important aspect of the invention to 
provide membranes incorporating surfactants which preserve the hydrophilic nature of the membranes as 
well as the ability to bind proteins. 

It is also an object of the present invention to devise lamination methods and materials which lend 

55 mechanical support to nitrocellulose membranes while maintaining their hydrophilic properties. Another 
purpose of the invention is to employ additional surfactant to enhance the hydrophilicity of the nitrocellulose 
membranes and render it stable with a wider variety of laminate adhesives. 

40 Summary of the Invention 



In one aspect, the invention relates to a solid phase apparatus useful in a diagnostic assay, comprising 
a porous wettable membrane with which a biologically active reagent is contacted, said membrane being 
laminated on at least one side to a support using a water solvent based adhesive, the biologically active 

45 reagent retaining its activity. Preferably, the porous membrane comprises nitrocellulose and the adhesive 
comprises Adhesive Research AS73. The membrane may incorporate a surfactant, preferably an alkyl 
sulfate or an alkyl sulfonic acid, the alkyl chain having from 1 to about 12 carbon atoms. The apparatus may 
be laminated on one or both sides of the membrane, using a water solvent based adhesive. 

In another aspect, the invention encompasses a process for preparing a laminated, wettable solid phase 

so support useful in a diagnostic assay for determining the presence or amount of an analyte, the process 
comprising: 

a. "laminating ~a~porous -membrane -having incorporated- therein -a -surfactant -in a- concentration-ranging... 
from about 0.01% to about 10% (w/w) to a support using a water solvent based adhesive; and 

b. contacting a localized site on the porous membrane with a biologically active reagent which retains its 
activity in the membrane. 
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The preferred membranl^PB surfactants are as before. The preferrea^Bpport comprises a semi-rigid 
polyester or polyolefin plastic. The method may include a step of laminating the opposite side of the porous 
membrane using a water solvent based adhesive. Preferably the biologically active reagent is an enzyme or 
a binding partner, such as antibody or nucleic acid, 
s In a final aspect, the invention is a method for determining the presence or amount of a ligand-analyte 

in a sample using a porous, wettable membrane solid phase, comprising: 

a. immobilizing at a localized site on a porous, wettable membrane a ligand receptor capable of binding 
the ligand, wherein the membrane is laminated to a support using a water solvent based adhesive and 
incorporates a surfactant in a concentration of from about 0.01% to about 10% (w/w); 
w b. contacting the localized site of the membrane of step a with sample to permit formation of ligand- 
ligand receptor complex on the membrane; and 

c. detecting the presence or amount of complex as a measure of the analyte. 
The preferred membrane and surfactant are as before. In one alternative, one side only is laminated 
and the localized site is contacted with sample by immersing the membrane with sample. In another 
/5 alternative the localized site is contacted by contacting one end of the membrane with sample and allowing 
sample to wick through the membrane to contact the localized site. In this embodiment the membrane may 
be laminated on both sides. In either case, ligand-ligand receptor complex is detected by contact with a . 
tracer capable of generating a detectable signal. The signal may be directly detectable, as with colloidal or 
isotopic conjugates, or indirectly detectable using enzyme conjugates. The signal may be visual color, 
20 chemiluminescence, or fluorescence. 



Brief Description of Drawings 



25 Figure 1 is a graphic representation of a porous membrane according to the invention which is laminated 
on one side. 

Figure 2 is a graphic representation of a porous membrane according to the invention which is laminated 
on both sides. 

Figure 3 is a graphic representation of the layers of the laminae before it is applied to a porous 
30 membrane. 

Figure 4 is a graph showing the loss of hydrophilicity upon aging of laminated membranes. 
Detailed Description 



35 Figure 1 depicts an exemplary embodiment of the invention. An improved porous membrane (10) is 

laminated on at least one side to a support (14). The membrane (10) is held to the support (14) by an 
adhesive layer (12). Porous membranes according to the invention have surfactants incorporated into them, 
which render the membranes wettable yet do not destroy the activity of biologically active reagents in 
contact therewith. 

40 "Biologically active reagents" include enzymes, nucleic acids and other proteins having activity in their 
native form. Since the reagent of the preferred embodiment is typically a protein, the term "protein" is often 
used herein in place of biologically active reagent. However, the invention is not limited to proteins. 
Similarly, the protein may be immobilized to the membrane or it may merely be in contact with it. It is 
important that the reagent retain is natural activity while in contact with the membrane and surfactants 

45 present there. 

Porous membranes of the present invention are useful in a number of biochemical procedures in which 
proteins must be in contact with or immobilized to a solid phase which is then contacted with a fluid 
sample. In one system, (see Figure 1) the membrane is laminated on only one side, the protein is applied 
to a localized site (15) on the surface of the opposite side and fluid is contacted from the opposite side. 
so "Dot blots" (See EP-A-063 810) are exemplary of this type of procedure. 

In another system, (see Figure 2) the membrane is ultimately laminated on both sides and fluids flow 
lengthwise through the membrane as in thin layer chromatography. A membrane (10) is laminated on one 
side, protein is immobilized on a localized site (not shown) on the membrane and a second laminate, 
consisting of a second support (16) and an adhesive layer (15), is applied to the opposite side. An example 
55 of this type of procedure is described in EP 299,428, which is incorporated herein by reference. 

The terms "hydrophilic" and "wettable" are frequently used herein and are used interchangeably as 
antonyms for "hydrophobic". A number of procedures can be used to measure hydrophilicity. Since the 
membranes of the preferred embodiment resemble thin layer chromatograhic strips, hydrophilicity is here 
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measured arthe rate at which the solvent front traverses^B membrane strips. Darcy's law provides a rate 
by relating the distance the front travels to the time t. For a fixed distance, L the relevant measurement is 
the time taken for the front to reach 1. A relative measure of hydrophilicity is given by comparing the time 
or "wicking" rate of treated laminated membranes against the time or wicking rate of untreated laminated 

s membranes. Although relative hydrophilicity is sufficient, for purposes of this invention a membrane is 
considered "hydrophilic" if the flow rate is such that the front traverses a length compatible with visualizing 
a result (ie., 2-10 cm) in a time consistent with rapid diagnostic assays, (ie., less than 10 minutes*and 
preferably less than 5 minutes). 

In addition, the ability of the membrane to bind protein is important to this invention. Untreated 

w membranes bind protein, presumably via hydrophobic residues of the protein and possibly through ionte or 
hydrogen interactions between the protein and the membranes. (Nitrocellulose is known to have a partial 
negative charge due to the nitrate groups.) The relative ability of a membrane to bind protein can be 
determined by a number of immunological methods employing antibody as the protein, and determining the 
relative strength of the signal from a known, constant amount of analyte. 

is Protein can be contacted with membranes by a number of methods including but not limited to drying, 
crosslinking, covalent attachment and adsorption. It can be applied from pipette or, more preferably, it can 
be jetted onto/into a localized site of the membrane prior to lamination. It may be immobilized or move with 
the solvent front, so long as its activity is retained. 



20 

1. Membrane Materials: 



By "porous membrane" is meant a variety of membranous materials having pores through which fluids 
can flow by capillary action. Exemplary membranes include nitrocellulose, sintered plastics such as sintered 

25 polyethylene or polypropylene, and polyvinylidene difluoride (PVDF). The porous membranes are available 
in variety of pore sizes ranging from about 0.4 micrometer ("urn" or "micron") to about 10 urn. Larger pore 
sizes (i.e. 5 urn) are presently preferred for immunodiagnostics because they provide higher fluid flow rates, 
which lead to more rapidly performed assays. 

For the present invention, a preferred porous membrane is nitrocellulose. Nitrocellulose membranes are 

30 commercially available from a number of sources, including Gelman Sciences, Ann Arbor, Ml; Milliporel 
Bedford, MA; Schleicher and Schuell (S & S), Keene, NH; Sartorius GmbH, Gottingen, W. Germany; and 
Micron Separations, Inc. (MSI), Westborough, MA. These commercial sources of nitrocellulose produce 
membranes having pore sizes from 0.45 um to about 5 um. commercially, available nitrocellulose 
membranes may incorporate proprietary surfactants as discussed below. 

35 PVDF membranes are available from Millipore. They too are available in several pore sizes, ranging 
from about 0.22 to about 2.0 um, although other pore sizes may become available. PVDF is generally more 
hydrophobic than nitrocellulose. As a result, it may bind proteins more tightly, but typically is less wettable 
and provides poor wicking rates. A hydrophilized product, Durapore, is availablefrom Millipore in a variety 
of pore size ranges. 

40 



2. Support Laminae: 



For purposes of this application, the terms "laminate" or "membrane laminate" shall refer to a 
45 membrane bonded to a support. The terms "lamina" or "laminae" shall refer to the support layer to which 
the membrane is bonded, and may include an associated adhesive layer and a protective release liner. 

One method of making membrane laminates involves heat sensitive laminae such as MonokoteTM, 
available from Top Flight, Chicago, IL. With this particular product, the membrane is laid adjacent the 
support and heat is applied to the surface to bond the two layers together. This method has the advantage 
so that no additional surfactant is required to maintain the hydrophilicity of the membrane. It remains stable 
over a reasonable storage time. However, it is not presently a preferred method since the application of 
heat may inactivate protein already bound to the membrane. In addition, the manufacturing process is 
facilitated if pressure sensitive laminae are employed. Pressure sensitive laminae adhere to membranes 
upon the application of pressure. 
55 Laminae useful with the present invention include polyesters such as MylarTM, polyolefins and similar 
plaslicsT^vTri<^ menTionedT the support teminlTis - used to "give "the" 

porous membranes additional mechanical strength and to deter evaporation. As shown in Figure 31 typical 
laminae provide a support layer (14) coated with a layer of adhesive material (12) which, in turn, is covered 
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m 

he release liner is paper, polyester or sin^^rm 



by a release liner (20). Typic^^the release liner is paper, polyester or sin^^rnaterial having a coating of 

silicone or other similar material which prevents the adhesive from binding securely to the release liner. 

"Transfer adhesives" are available having an adhesive layer sandwiched between two release liners. These 

can be used for special applications where a separate support layer is undesirable. 
5 Polyester support laminae having a support thickness of 50 to 200 mils, preferably 100 to 150 mils are 

presently preferred due to their ready availability. For example, such laminae are available from Flexcon, 

Spencer, MA. and Adhesive Research, Inc.. Glenrock, PA. 

To make a support lamina, an adhesive compound is generally coated onto one surface of a release 

liner and dried in an oven. The dried adhesive is then contacted with the support layer to form a support 
io lamina. 



3. Adhesives: 



is Adhesives are described in Shields. J.. Adhesive Handbook , 3rd Ed., (rev. 1985) and typically comprise 
an adhesive compound combined with tackifiers.in a solvent. Adhesive compounds include acrylics, such as 
polymethylmethacrylate, rubbers and silicones among others. Other adhesive polymers and tackifiers are 
known to those of ordinary skill in the adhesive arts. The solvent may be organic based or water based. For 
example, the Flexcon adhesive V23 shown in Table I is an organic solvent based (OSB) adhesive, as are 

20 Flexcon V95 and V170. and 3M #396. In contrast. Adhesive Research, Inc (AR) adhesive AS73 (e.g. product 
No. 7279). casein, polyvinyl acetate (PVA) and polyvinylpyrrolidone (PVP) are useful water solvent based 
(WSBA) adhesives. 

Although the exact compositions of commercially available adhesives are frequently not disclosed by 
laminae manufactures, the invention can be practiced by using the readily available adhesives referred to 

25 herein, which can be ordered by number from the designated manufacturers. Nevertheless, the scope of the 
invention is not limited to any particular adhesive described herein. 

Illustrative adhesives are listed in Table I. It is important to note that the OSB Flexcon laminates worked 
well (ie., gave improved stability over time while retaining signal indicative of protein binding) with some 
nitrocellulose tots but worked poorly with others. Specifically, Flexcon PM100CM/V23/71 PMO ("71PM0"), 

30 Lot No. 1NF3310-33A19901 1 worked well with S & S nitrocellulose Lot Nos. 4403/8260 and 6419/8921, but 
worked poorly with S & S Lot Nos. 4406/8221 and 4403/8221. Similarly, Flexcon lamina PM1 50C/V23/poly 
SC-9 ("poly SC-9") Lot No. 7ZD3546-33A209841 worked with S & S nitrocellulose Lot No. 6419/8921, but 
not with any of the remaining three lots tested. In contrast, WSB adhesive AR 7279/AS73 generally gave 
good stability with most brands of nitrocellulose, even without added surfactants. 

35 It is believed that this result is due to the effect of the adhesive solvent base on the the nature and 
amount of proprietary surfactants contained in the nitrocellulose membranes. Although applicants do not 
wish to limited by any particular theory or mechanism, it is believed that over time the OSB adhesives may 
release some hydrophobic organic solvents into the membranes causing the decrease in hydrophilicity. 
Alternatively, hydrophobicity may result from plasticizers migrating from the support layer through the 

40 adhesive layer and into the membrane. 

Although the release of water from the WSB adhesives would not have this detrimental effect on the 
membranes, it was believed that WSB adhesives would dissolve upon contact with aqueous samples, 
thereby causing delamination and destruction of the laminated apparatus. Surprisingly, it was found that 
WSB adhesives can be employed successfully without degradation of the membrane laminate. 

45 The adhesive contained in the heat sensitive MonokoteTM product also was stable with most nitrocel- 
lulose brands tested. 
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TABLE I 



Membrane 
(Source) 

NC 

(MSI) 



Proprietary 
Surfactant 

unknown 
usual 



NC (S&S unknown 
&4403/82S0) usual 



NC (S&S unknown 
#6419/8921) two times 



NC (S&S unknown 
&4406/8221) usual 



NC (S&S unknown 
#4403/8221) usual 



unknown 
(Sartorius) usual 

NC unknown 
(Sartorius) usual 



$q ' unknown 
(Millipore) usual 



Added* 
Surfactant 

none 
none 

none 

none 

none 

none 



0.1% SDS 
0.2% Cyastat 



Laminate/ 
Adhesive 

all 3 tested 



Stability 



0.1% SDS 



NC 

(Gelman) 



unknown 
usual 



AR 7279/AS73 
Flexcon 71PMO 
Flexccn poly SC9 

AR 7279/AS73 
Flexcon 71PMO 
Flexcon poly SC9 

AR 7279/AS73 
Flexcon 71PMO 
Flexcon poly SC9. 

AR 7279/AS73 
Flexcon 71PMO 
Flexcon poly SC9 

all 3 tested 



all 3 tested 
all 3 tested 



all 3 tested 

AR 7279/AS73 
Flexcon poly SC9 



PVDF probably 
(Millipore) none 



6.7% Cyastat all 3 tested 
( from water) 



coed 



coed 
fair 
poor 

good 
good 
good 

cood 
fair 
poor 

good 
fair 
poor 

poor 



good 
good 



good 

good 
poor 

good 



StTS-S ^rfactlnf 

XiX cL be iSibed by a given quantity of the membrane. 
StemaSvefy* the factors can be determined empirically. 

** c*»Miii-v ratine based only on retention of hydrophilic 
properties 7 Not all "good" simples gave good protein binding 
signal . 

Thus WSB adhesives generally form laminates that are stable with commercially available "oft-the 
J* 2"Lo 5S membranes. Neverthe.es, in an effort to secure ^J^*^ ^ 
lulose and multiple sources of usable support laminae, it was desirable to find a way to treat the 
Tmmercially available nitrocellulose so that more brands remain stably wettab.e upon lamma^on a d so 
haTmo'tands retained the ability to bind proteins. Thus began a search for 
ado^otten^ 



4. Surfactants: 
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Somewhat surprisingly, if^vas discovered that not all surfactants will produce a wettable nitrocellulose 
without affecting the ability of proteins to bind. Typically, surfactants added at concentrations which still 
permitted protein activity exhibited little or no improvement in the wettability of the membranes over time. 
As seen from Figure 41 typical laminates showed instability, defined as a decrease in hydrophilicity over 
5 time. Since the laminates must have a reasonable shelf life, it is imperative that the wettability of the 
membranes be maintained. Many of the surfactants tested either failed to improve stability or caused 
reduced ability to bind protein, or both. Either poor stability or poor protein activity signal rendered a 
laminate unacceptable. 

In addition, it was surprisingly found that the vehicle from which the surfactant is applied to the 
w membrane may also affect its ability to improve the stability of the membranes. While not all surfactants are 
soluble in all vehicles, as a general rule, surfactants which were applied from a water vehicle performed 
better than surfactants applied from an isopropanol vehicle. A nonexclusive list of surfactants is given in 
Table II. They are characterized as non-tonic, cationic. anionic, zwitterionic or antistatic agents. Also given in 
Table II is the vehicle from which the surfactant was applied and the success of the surfactant as measured 
is by its ability to prevent the membrane from becoming hydrophobic over time while retaining the ability of 
the membrane to bind proteins. The result is scored a " + " only if the resulting membrane gave good 
protein activity signal and maintained stable wicking rates over time (taken as indicative of retaining 
hydrophilicity). The data from Table II is also discussed further in the Examples which follow. 

20 ' TABLE II 



Surfactant: Type Source Vehicle Result 



35 ■ 



none (control) 






water 




none (control) 






isopropanol 




Pluronic F-68 


N 


1 


water 




Pluronic L-101 


N 


1 


isopropanol 




Pluronic L-62LF 


N 


1 


water 




Atmer 110 


S 


2 


water 




Atmer 113 


S 


2 


water 




Atmer 113 


s 


2 


isopropanol 




Zonyl FSN 


N 


3 


isopropanol 




Zonyl FSJ 


A 


3 


isopropanol 




Zonyl FS? 


A 


3 


isopropanol 




Zonyl FSO 


N 


3 


isopropanol 




butanol 


N 


4 


isopropanol 




1-octanol 


N 


4 


isopropanol 




n-decyl alcohol 


N 


4 


isopropanol 
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myristyl alcohol 

stearyl alcohol J 

cetyl alcohol N 
glycerol 

hexadecyltrimethylammonium Br C 

dodecyltrimethylammonium 3r c 

cethydimethylethylammonium Be C 

Mackanate DC-30 31* 
Mackanate DC-30 @0 . 1* 
Surfonyl PA 104 
CHAPS 

dioctyl sulfosuccmate 
Aerosol-OT 

Tween-20 
Tween-80 
Triton X405 
Triton X100 
Brij-35 
casein 

bovine serum albumin 

pentane sulfonic acid 
heptane sulfonic acid 
octane sulfonic acid 
decane sulfonic acid 
dodecane sulfonic acid 
sodium dodecyl sulfate 
octyl sulfate ^ 
dodecanoic acid 
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Cyastat® LS 
Cyastat® LS 

Type Legend: 

Source Legend: 



Z 
A 
A 

N 
N 
N 
N 



A 
A 
A 
A 
A 
A 
A 
A 

S 

s 



4 
4 



4 
4 



5 
5 
6 
7 
4 
4 



4 
9 



8 
8 



isopropanol 
isopropanol 
isopropanol 
water 

isopropanol 
isopropano 1 
isopropanol 

water 

isopropanol 
isopropanol 
water 

isopropanol 
isopropanol 

water 

water 

water 

water 

water 

water • ; 

water •. 

water 
water 
water 
water 
water 
water 

isopropanol 
isopropanol 

water 

isopropanol 



+ 
+ 



N=nonionic . Amnionic . C-cat ionic , 
Z=zvittec ionic, and S^ntis.atic^ 
1=BASF Performance Chemicals, Parsip 
ICI Americas, Inc., rfiimi..< ? i-ui ^ ^ 



2=ICI Americas, sc Louis, 

Wilmington, DE ; 4=Sic^a Chemicals Sc^ 

Sk^^^r^l^^C^ical 
Company, Milwaukee, wi. 



As can be seen from Tab, ., two Casses of agents 
« the membranes. The first Cass is the anionic surfac : tants app,,ed from a c , ^ ^ 

of a negatively charged polar headed to a non-potar a ^The po ar ^ *J chains having 

sulfonic acid, phosphate, or carboxylate group. ^W^^Ztf* and may also contain other 

» M — c slants. « ^^^bS 
cellulose and PVOF membranes. This class ot an«s at, w« « '° " d , polaf 

anion bonded .0 a lowe, ,1k, FfcR, c J 1 **^^^ amido moi .„ „, Cyastat LS. R, 
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be any of the anions possible nionic surfactants (see above), although is presently preferred. 

It is not completely understood why these Cyastat-like agents, which appear to be cationic surfactants 
coupled with an anionic alkyl-sulfate salt, performed well while the bromide salts of similar cationic 
surfactants failed. However, it is speculated that the anionic surfactant nature of the aikyl-sulfate salt plays 
5 an important role. This suggests that anionic surfactants having relatively short non-polar tails may also 
work very well. It is also possible that the failure of the bromide salts of cationic surfactants was due to the 
isopropanol vehicle. 

The concentration of surfactant used varies from 0.01% to about 10% (w/w) depending on the particular 
surfactant. In general, for nitrocellulose, anionic surfactants are preferably used in concentrations of 0.1% to 

io about 8% (w/w); most preferably from about 0.25% to about 3.5% (w/w). Since PVDF is more hydrophobic 
to begin with, slightly higher treatment concentrations (w/v) are preferred but are partially offset by the 
reduced conversion factor. The final preferred concentrations range from about 1.0% to about 10% (w/w); 
most preferrably from about 2% to about 5% (w/w). 

The Cyastat-like agents are preferably used in a concentration range of from about 0.01% to about 10% 

75 (w/w), depending on the membrane. For nitrocellulose membranes, the preferred concentration of these 
agents is from about 0.1% to about 2.0% (w/w); most preferably from about 0.2% to about 0.5% (w/w). 
When used with PVDF membranes, the preferred concentrations range from about 2% to about 10% (w/w); 
most preferably from about 5% to about 9% (w/w). The final concentration (w/w) can be obtained from the 
treatment solution concentration (w/v) by the constant conversion factor as taught in the note following 

20 Table I. 

The final membranes tested included whatever proprietary surfactants the particular membrane manu- 
facturer includes, less as much of that surfactant as may have been lost by treatment with additional 
surfactants in the hands of the inventors. Therefore, the claimed surfactant concentrations given as (%w/w) 
for anionics include from about 0.01 - to about 3% allowances for anionic surfactants that may have been 
25 added to the membranes by the manufacturer. These were estimated based on extraction studies 
performed on the 5 um commercial membranes, and ranged from about 0.01% to about 11% (w/w) as 
follows: 



30 



MSI 


9.3% 


to 1 1 .3% 


S&S 


0.75% to 2.2% 


Sartorius 


0.01 


% to 1 . 1 5 



35 Since is is doubtful that the Cyastat-type agent is incorporated by any membrane manufacturer, no similar 
allowance is made for the recited percentages of this agent. 

5. Methods: 

40 

Methods for making membranes according to the invention are evident from the preceding discussion 
and relevant examples. Generally, an entire sheet of surfactant-treated nitrocellulose is laminated at once 
and then is cut into strips of desired width. A sheet is placed on a flat surface and the release liner is 
removed from the desired lamina. The lamina is pressed onto the membrane taking care to avoid wrinkles. 
45 a roller capable of applying about 7.0 pounds pressure is used to adhere the lamina to the membrane. 
Strips of desired width are then cut from the sheet. 

. Surfactant can be incorporated into the membranes after lamination (of one side) but it is preferable to 
incorporate surfactant prior to lamination. 

Surprisingly, the opposite side of a membrane can also be laminated according to a similar procedure, 
so in this case, any protein to be applied must be done before the second lamination. Since the protein is 
applied to the surface of the membrane, protein stability problems associated with lamination would be 
expected to be greatest in the second lamination operation of the same membrane. However, by using the 
techniques and compositions of the present invention, it has been found that both, sides of an immunoch- 
romatographic strip can be laminated. This has the added advantage of keeping contaminants out and 
55 inhibiting evaporation of sample fluids. When both sides are laminated, a small section (about 1/4 inch) at 
one end is typically left unlaminated for contact with adjacent members or zones. 

Methods of using devices according to the invention are discussed above as well. Additional information 
is available to one of ordinary skill by resorting to EP-A-299 428, which is incorporated herein in its entirety. 

9 



The devices est used in chromatographic immunoas^^Bvherein an antigenic analyte is captured by 
protein antibody on the membrane. The captured ligand-analyte is then detected by a tracer conjugate of 
antHigand and a signal producer. Signal can be produced directly, as by isotopic labels or colloidal labels, 
or indirectly as by enzyme labels. All of these techniques are well known in the art. as are competitive 
assay protocols. 

The invention will now be further described by the following examples. The examples are illustrative 
only and should not be taken to limit the invention in any way. v 
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EXAMPLES 
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Example 1. 

Nitrocellulose membrane. 5 micron pore size from Schleicher & Schuell, was laminated on both sides 
using a solvent based acrylic adhesive tape from Flexcon (PM100CM/V23/71PMO) and stored at 22, 37 and 
45' C. At various time intervals (0. 7, 14, 21, 28, 56. 84, 112. etc days) the hydrophilicity of the membrane 
was tested by immersing a strip of laminated membrane 1-3 mm into a test solution (0.1 M Tns pH 7.4, 
0 9% NaCl, phenol red) and measuring the time required for the solution front to migrate a distance of 5.4 
cm. A more hydrophilic membrane requires a shorter time for the liquid to move 5.4 cm. Results (see Fig. 
4) indicated that all the laminated membranes became less hydrophilic with time and that increasing the 
temperature of storage increased the rate at which loss of hydrophilicity occurred. 
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Example 2. 

Nitrocellulose membrane (as in example 1) was laminated on both sides with solvent based acrylic 
adhesive (V23) tapes from Flexcon, PM100CM/V23/71PMO and PM150C/V23/Poly SC9, and a water based 
acrylic adhesive (AS73) tape from Adhesive Research, AR7279/AS73. A major difference between the two 
Flexcon tapes is that the release liner 71PMO is a paper release liner and Poly SC9 is ^polyester release 
liner. AR 7279/AS73 has a polyester release liner. The membranes were incubated at 37 C and tested as 
described in example 1 . 
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Wicking Time (min) to traverse 5.4 cm strip After specified No. of Days 








Storage at 37 C: 
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Membrane laminated with AR 7279/AS73 did not become less hydrophilic after 168 days; membrane 
laminated with PM100CM/V23/71PMO became less hydrophilic by a factor of about two after 140 days; 
membrane laminated with PM150CA/23/Poly SC9 suffered the greatest loss of hydrophilic character which 
was a factor of 2.7 after only 35 days. The data indicates that solvent based adhesives can cause the 
laminated membrane to become hydrophobic. The release liner may play a role- in this system by affecting 
the amount of solvent remaining in the adhesive layer at time of use. One would expect more solvent to be 
retained in the adhesive with the impermeable polyester release liner Poly SC9 than in the permeable paper 
liner 71PMO. Also, membrane can be laminated using water based adhesives without loss of the desired 
hydrophilic character. 



Nitrocellulose membrane was laminated and tested as described in example 1 using Flexcon 
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PM150G'V23/Poly SC9 solverTf based acrylic adhesive tape. The resulTs indicated that lamination of 
membrane with this material followed by incubation at 45* C. caused the greatest loss of hydrophilic 
character. 
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Wicking Time (min) to traverse 5.4 cm strip After specified No. of Days 
Storage at 45* C: 
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Example 4. 

Nitrocellulose membrane was impregnated with a single surfactant (see below) by dipping the mem- 
brane in a solution of the surfactant such that the membrane was completely wetted by the solution. The 

20 membrane was removed from the solution after 5-10 seconds, suspended by a paper clip and allowed to 
dry at room temperature conditions for 2-20 hours. The resulting membrane was tested as follows. A 
solution of anti-HCG antibody at 1.2 mg/ml was applied to the membrane in a narrow zone by pumping the 
solution through a fine capillary tube (Micro ML Tubing, Eimhurst. NY) at a flow rate of 0.05 ml/minute and 
moving the tubing across the membrane surface at a rate of 0.5 inches/second. The antibody immobilized 

25 on the membrane in this narrow zone forms the capture site. The membrane was cut into strips and 
immunochromatography carried out with a selenium conjugate which binds HCG (see eg. EP-A-299 428). 
The effect of each surfactant on antibody binding to the membrane was evaluated by the relative amount of 
selenium conjugate bound to the capture site when 50 mlU HCG urine was used for immunochromatog- 
raphy. Reduction of signal in this test was interpreted as a loss of nitrocellulose antibody binding, capacity 

30 caused by a blocking effect of the surfactant. 



Part A. 

Nitrocellulose membrane was treated and tested as described above with each of the following 
surfactants (from water unless specified otherwise) at a concentration of 1% w/v: Triton X100, Triton X405, 
Pluronic F68, Pluronic L62F, Pluronic L101, Tween 80, Tween 20, Brij 351 Mackanate DC30, CHAPS, and 
dioctyi sulfosuccinate (from isopropanol). In each case the surfactant treated membrane resulted in a loss of 
signal development during immunochromatography. 



Part B. 

Nitrocellulose membrane was treated and tested as described above with each of the following 
45 surfactants (from isopropanol) at a concentration of 0.1% w/v: Mackanate DC30, cetyl alcohol, Zonyl FSO, 
Zonyl FSN, Zonyl FSP. Zonyl FSJ. and Pluronic L101. Membranes treated with these surfactants showed 
no reduction in signal development during immunochromatography, however, the membrane wicking rate 
decreased as a result of the treatment (which is taken to mean the membranes became less hydrophilic as 
discussed above). 



Part C. 

Nitrocellulose membrane was treated and tested as described in Part B above, however, 0.5% glycerol 
55 was added to the surfactant solution to increase the capillary wicking rate. The resulting membranes 
showed no decrease in signal development during immunochromatography. (But see example 5 as to effect 
on hydrophilicity.) 
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Part D. 

Nitrocellulose membrane was treated and tested as described above with each of the following 
surfactants from an isopropanol solution at a concentration of 1% w/v: 
s dodecyltrimethylammonium bromide, cetyltrimethylethylammonium bromide, hexadecyltrimethylammonium 
bromide, and Surfonyl 104PA. The resulting membranes showed no decrease in signal development during ^ 
immunochromatography. (But see example 5 as to effect on hydrophilicity.) 



io Pan E. 

Nitrocellulose membrane was treated and tested as described above with each of the following 
• surfactants (in water solution): . 
1% pentane sulfonic acid. 1% heptane sulfonic acid, 1%. octane sulfonic acid, 1% decane sulfonic acid. 
,5 0.1% dodecane sulfonic acid, 0.1% sodium dodecyl sulfate, and 0.2% Cyastat LS. The resulting mem- 
branes showed no decrease in signal development during immunochromatography. 
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Example 5. 



Membranes produced as described in example 4. Parts C and D were tested as described in example 
3 As a result of lamination with Flexcon PM150C/V23/Poly SC9, all membranes suffered such a loss of 
hydrophilic character that after 14 days the flow rate was unacceptably slow or variable. For purposes of 
these studies, a flow time of more than 10 minutes for a 5.4 cm strip or a flow rate change of more than 
20% was considered unacceptable. These studies were stopped after concluding the laminate was 
unacceptable. 
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Example 6. 

Membranes produced as described in example 4, Part E were tested as described in example 3. All 
membranes retained their hydrophilic character after lamination with Fiexcon PM150C/V23/Poly SC9 and 
accelerated aging at 45* C. 
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Wicking Time (min) to traverse 5.4 cm strip After specified 
No. of Days Storage at 45 * C: 
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This is interpreted to mean that these surfactants do not interfere with nitrocellulose antibody binding and 
confer resistance to the loss of hydrophilic character induced by a solvent based acrylic adhesives. 



Example 7. 



55 



Nitrocellulose membrane was treated and tested as described in example 4,. Part E with 1% Cyastat LS 
"jnltther isoprop^ 

treated from the isopropanol solution lost hydrophilic character upon lamination and aging with 
PM150C/V23/Poly SC9, whereas the membrane treated from the water solution did not. 
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Wicking Time to traverse specified distance After specified No. of 










Days Storage: 
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(unacceptable when extrapolated to 5.4 cm.) 
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Example 8. 

Nitrocellulose membrane (S&S 5 micron) was laminated with an organic solvent rubber based adhesive 
(3M-#396). stored at 370* C and tested for capillary wicking rate. 
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Wicking Time (min) to traverse 5.4 cm strip After specified 
No. of Days Storage: 
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Example 9. 

Nitrocellulose membrane was laminated with an organic solvent acrylic based adhesive (Flexcon V95) t 
stored at 37* C and tested for capillary wicking rate. 



35 



40 





Wicking Time (min) to traverse 5.4 cm strip After 
specified No. of Days Storage: 
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Example 10. 

Nitrocellulose membrane was laminated with an organic solvent acrylic based adhesive (Flexcon V170), 
stored at 37* C and tested for capillary wicking rate. 
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Wicking Time'(min) to traverse 5.4 cm strip After specified No. of Days 

Storage: 
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"Example 11. 

Nitrocellulose membrane was laminated with a heat activated adhesive (MonoKote), stored at 37 C 
and tested for capillary wicking rate. 
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Wicking Time (min) to traverse 5.4 cm strip After 
specified No. of Days Storage: 
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Example 12. 

Nitrocellulose is laminated with a hot-melt adhesive consisting of a layer of polyethylene bonded to 
polyester. The hot-melt adhesive is a thermoplastic of 100% solids with a melt temperature ranging from 
20 65-90* C. This lamination process should not affect membrane flow rate because their is no opportunity for 
hydrophobic, organic solvents to migrate from the bonding layer into the membrane. 



Example 13. 

25 

Nitrocellulose is laminated with a water based casein adhesive consisting of a layer of viscous casein 
solution bonded to a polyester support. Such a material is produced by applying a thin layer of a 20% 
solution of casein in water to polyester and evaporating water from the layer to reach a final concentration 
of 70-90%. Lamination with this adhesive material should not cause a loss of hydrophillic character in the 
30 membrane because migration of water from the adhesive to the membrane would increase the degree of 
membrane hydration. 



Example 14. 

35 

Nitrocellulose is laminated with a water based polyvinylpyrrolidone (PVP) adhesive consisting of a 
viscous PVP solution bonded to a polyester support. Such a material is produced by applying a thin layer of 
20-30% w/v PVP (molecular weight 3,000-5,000) and evaporating water from the layer to reach a final 
concentration of 70-90% w/v. Lamination with this material should not cause loss of hydrophilic character for 
40 reasons given in example 13. 



Example 15. 

Nitrocellulose is laminated with an adhesive made from a water emulsion of polyvinyl acetate (PVA) 
particles. A 70% solids water solution of PVA particles, 1-50 micron diameter, with 0.5% sodium dodecyl 
sulfate stabilizing surfactant is applied in a thin layer to a polyester support and the water evaporated to a 
final concentration of 90-99% solids. Lamination with this material should not cause loss of hydrophilic 
character for reasons given in example 13. 



Example 16. 

A nitrocellulose web 7.3 inches wide moving at 0.5 feet per minute was drawn through a bath of one of 
55 several solutions of Cyastat LS in concentrations as follows: 0.1. 0.2, 0.3,' 0.4 and 0.5% (w/v). The 
immersio"n patFtengtrTwas" abour3 r 4"ih~ch~e^givih^ The-web-was- then 

dried in a drying tunnel at 60* C. for approximately 10 min. Strips cut from the sheet were tested as in 
examples 3 and 4 above using poly SC-9 laminates stored at 37* C. The signals from untreated control and 
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0 1% and 0 2% samples were good; th signals from 0.3% and 0.4% treated samples were fair; and the 
signaUrom the 0 .5% treated sample was poor. The hydrophi.icity stability was as follows. 
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Wicking Time (min) to traverse 5.4 cm strip 
No. of Days Storage at 37 C 
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Example 17. 

antibody reagent by adsorption. 
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Example 18. 

ZtZ *l»%ZtSo« ?™™«V. ~ ***** a»ows we»n 9 bu, bed. P~ te ,n wan,. 
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Example 19. 
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Example 20. 

isopropanol into a hydrophobic PVDF membrane. 
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Claims 
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I. A solid apparatus useful in a diagnostic assay^feiprising a porous, wettable membrane with 
which a biologically active reagent is contacted, said porous membrane being laminated on at least one 
side to a support using a water solvent based adhesive, wherein the biologically active reagent retains its 
activity. 

5 2. The apparatus according to claim 1 wherein the porous membrane comprises nitrocellulose. 

3. The apparatus according to claim 1 wherein the porous membrane comprises polyvinylidene difluoride. ^ 

4. The apparatus according to claim 2 wherein the adhesive comprises Adhesive Research adhesive AS73. 

5. The apparatus according to claim 1 wherein the porous membrane incorporates a surfactant. 

6. The apparatus according to claim 5 wherein the surfactant comprises an alkyl sulfate or an alkyl sulfonic 
io acid, the alkyl chain having from 1 to about 16 carbon atoms. 

7. The apparatus according to claim 6 wherein the surfactant is selected from the group consisting of 1- 
pentane sulfonic acid, 1 -heptane sulfonic acid. 1 -octane sulfonic acid, 1-decane sulfonic acid. 1-dodecane 
sulfonic acid and dodedcylsulfate. 

8. The apparatus according .to claim 1 wherein both sides of the membrane are laminated using a water 
is solvent based adhesive. 

9. A process for preparing a laminated, wettable solid phase support useful in a diagnostic assay for 
determining the presence or amount of an analyte, comprising: 

a. laminating a porous membrane having incorporated therein a surfactant in a concentration ranging 
from about 0.01% to about 10% (w/w) to a support using a water solvent based adhesive; and 
20 b. contacting a localized site on the porous membrane with a biologically active reagent which retains its 
activity in the membrane. 

10. The process according to claim 9 wherein the surfactant comprises an alkyl sulfate or an alkyl sulfonic 
acid. 

II. The process according to claim 9, further comprising a step of laminating the opposite side of the 
25 porous membrane using a water solvent based adhesive. 

12. A method for determining the presence or amount of a specific binding ligand in a sample using a 
porous, wettable membrane solid phase, comprising: 

a. immobilizing to a localized site on a porous, wettable membrane a ligand receptor capable of binding 
the ligand. wherein the membrane is laminated to a support using a water solvent based adhesive and 

30 incorporates a surfactant in a concentration of from about 0.01% to about 10% (w/w); 

b. contacting the localized site of the membrane of step a with sample to permit formation of ligand- 
ligand receptor complex on the membrane; and 

c. detecting the presence or amount of complex as a measure of the analyte. 

13. The method according to claim 12 wherein the contacting of step b comprises immersing the 
35 membrane into sample. 

14. The method according to claim 12 wherein the contacting of step b comprises contacting one end of 
the membrane with sample and allowing sample to wick through the membrane to contact the localized site. 
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ACCELERATED AGING OF LAMINATED MEMBRANES 
CAPILLARY FLOW RATE (MINUTES/5 A CM) 
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